Despite the development of recent imaging modalities, certain pathological misdiagnoses remain for surgical specimens of presumed small renal cell carcinomas (RCCs). In the present study, a retrospective analysis of benign pathological lesions diagnosed as small RCC prior to surgery was performed. In total, the cases of 196 sporadic renal tumors that was surgically treated as clinical T1a RCCs were reviewed, and the accuracy of the pathological diagnoses was calculated. The pre-operative findings for benign pathological lesions was investigated, and the lesions were observed in 13 (6.63%) of the 196 tumors. Pre-operative computed tomography images were obtained in all cases, and magnetic resonance images were available in 10 cases. The diagnostic accuracy of imaging modalities was significantly lower in the tumors with a diameter of ≤20 mm. In all cases, the possible pathological diagnosis of RCC could not be excluded even by retrospective imaging analysis. Several benign pathological lesions were found in small renal masses presumed to be clinical T1a RCC. In conclusion, there may be limitations to the pre-operative imaging for certain types of small renal mass.
Introduction
In 2012, an estimated 338,000 novel cases of renal cancer were diagnosed worldwide (1) . Clinical stage I disease accounts for ~70% of newly identified renal tumors, the majority of which are small renal tumors of ≤4 cm diameter (T1a) (2, 3) . A 5-year cancer-specific survival rate of >95% has been demonstrated in clinical T1a disease following the administration of optimal treatments, including partial nephrectomy and radiofrequency ablation (4) . The detection rate of renal tumors has increased due to the widespread use of imaging techniques, such as ultrasonography and computed tomography (CT). These imaging modalities enable the clinical diagnosis of almost all tumors pre-operatively. However, the incidence rate of benign lesions among clinical cases of presumed T1a renal cell carcinoma (RCC) in surgical specimens ranges from 7.1-19.5% (5) (6) (7) (8) . It is difficult to distinguish benign small renal lesions, including oncocytoma, angiomyolipoma (AML) and compromised cysts, from clinical T1a RCC by routine examinations prior to surgery (5) (6) (7) (8) .
CT remains the most widely used and single most effective modality for the staging of RCC (9) . However, there has been a recent trend toward the performance of detailed pre-operative examinations using magnetic resonance (MR) imaging for small renal masses. The small amounts of fat in renal masses may be detected in MR imaging, and small cystic renal masses may be better categorized in MR imaging compared with CT (10) (11) (12) (13) . Combined pre-operative imaging analysis for small renal masses may lead to a correct pathological diagnosis. However, there have been few previous studies regarding the correspondence rate of the diagnosis between clinical pre-operative imaging and pathological findings.
The present study was performed to determine the incidence of benign pathological findings for small renal masses diagnosed as clinical T1a RCC prior to surgery, and to retrospectively analyze the utility of pre-operative CT and MR imaging of benign pathological lesions.
Patients and methods
Patients and treatment. Between January 1998 and December 2011, 196 cases of sporadic renal tumors, with a diameter of ≤4 cm determined on CT and/or MR imaging for pre-operative evaluation, were surgically treated as clinical T1a RCC at the Department of Integrative Cancer Therapy and Urology, Kanazawa University Graduate School of Medical Science, Kanazawa, Japan. Cases with bilateral and/or multiple lesions or von Hippel-Lindau disease were excluded from this study. and bone scintigraphy, were performed. MR imaging was performed in selected patients. CT and MR imaging findings were reviewed by two radiologists, and urologists made a diagnosis based on their reports and clinical findings.
Treatment and post-operative analysis. All patients underwent radical nephrectomy (RN) or nephron-sparing surgery (NSS). Pathological stage, Fuhrman nuclear grade (14) and histological subtype were assessed according to the Heidelberg classification (15) and the 2002 American Joint Committee on Cancer version of the tumor-node-metastasis staging system (16) . Pathological diagnosis was made by various immunohistological procedures, including cytokeratin AE1/AE3, 7 and CD10 staining, for the selected cases in which it was difficult to distinguish between RCC and benign lesions based on pathology.
The patients' medical records were reviewed, and the rate of correspondence with the pre-operative diagnosis was calculated. The pre-operative imaging results for benign small renal lesions were retrospectively examined on pathological reports.
In our previous study, of the 196 eligible cases in the present study, the clinical outcomes of 105 cases with cT1aN0M0 renal cell carcinoma were examined, and it was demonstrated that disease recurrence occurred in 6 patients (5.7%) during a mean postoperative follow-up period of 41.7 months (17) .
In this analysis, the principles of the Helsinki Declaration were followed, and all patients provided written informed consent with guarantees of confidentiality. The present study was approved by the ethics committee of Kanazawa University (Kanazawa, Japan).
Statistical analysis. Statistical analyses were performed using commercially available software (GraphPad Prism; GraphPad Software, Inc., La Jolla, CA, USA). Comparisons between two groups were performed by Student's unpaired t-test and Fisher's exact test. In all analyses, P<0.05 was considered to indicate a statistically significant difference.
Results
Clinical characteristics of pre-operatively diagnosed cT1a renal cell carcinoma patients. A pre-operative diagnosis of clinical T1a RCC was made in 196 cases. Of these 196 tumors, RCC was detected in 183 cases (93.37%) and benign pathological lesions in 13 cases (6.63%) ( Table I ). The benign cases were pathologically diagnosed as AML (n=4; 2.04%), oncocytoma (n=3; 1.53%), renal cysts (n=4; 2.04%), xanthogranulomatous pyelonephritis (n=1; 0.51%) and leiomyoma (n=1; 0.51%). There were no significant associations between the age of the patient and the pathological findings. The benign pathological lesions were found in 11 female and 2 male patients, and the correlation between gender and benign pathological findings was statistically significant (P<0.05). The mean diameter of the benign pathological lesions was 19.5 mm (range, 12-28 cm), and the incidences of benign pathological lesions with a diameter of ≤20 mm and with tumors >20 mm in diameter were 12.7 and 3.2%, respectively. The tumor diameters of the benign lesions were significantly smaller than those of RCC. In terms of surgical procedure, the rate of NSS was significantly higher than RN in the benign pathological lesions.
Diagnostic accuracy of pre-operative imaging findings. Table II shows the accuracy of pre-operative CT and MR imaging findings according to tumor diameter. All patients underwent CT scans, and 152 (77.55%) of the total of 196 patients underwent MR imaging prior to surgery. CT and MR imaging findings were obtained for all 9 of the benign pathological lesions that were ≤20 mm in diameter; however, MR imaging was performed in only 1 case with tumors >20 mm in diameter. The diagnostic accuracies of pre-operative CT and MR imaging findings of the renal masses ≤20 mm in diameter were significantly lower than those of masses >20 mm in diameter.
Pre-operative imaging findings of benign renal masses. In the retrospective CT and MR imaging analysis, none of the 9 benign pathological lesions with a diameter of ≤20 mm could be distinguished from RCC. A total of 3 cases of AML had no identifiable macroscopic fat on pre-operative CT and MR imaging. Another 3 cases of renal cysts classified as category III according to the Bosniak renal cyst classification system (12, 18) showed enhancement characteristics of septa on contrast-enhanced CT and MR imaging. In 2 cases of oncocytoma and 1 case of leiomyoma, benign pathological lesions could not be distinguished from RCC by retrospective image analysis.
With regard to the 4 benign renal masses with a diameter of >20 mm, 1 case that underwent pre-operative MR imaging was AML. Small areas of low attenuation in the renal mass were found on CT and MR imaging; however, the mass showed marked contrast enhancement in the arterial phase and washout of contrast medium in the late phase suggesting RCC (Fig. 1) . The other three cases without pre-operative MR imaging were a hemorrhagic cyst, oncocytoma and xanthogranulomatous pyelonephritis. Differentiation between these tumors and RCC based on pre-operative CT findings was impossible even on retrospective evaluation. 
Discussion
The incidence rates of benign pathological lesions at nephrectomy for presumed small RCC have been reported previously (5) (6) (7) (8) (19) (20) (21) (22) (23) . Various incidence rates were reported, and differences were indicated based on ethnicity. The reported incidences of benign pathological lesions with a tumor diameter of ≤40 mm were 17.3-23.4% in studies from Western countries (5, 6, (19) (20) (21) (22) and 7.1-15.0% in studies from Asian countries (7, 8, 23) . Fujii et al suggested that one possible reason for the lower incidence of benign pathological findings in Asian than Western countries was the low incidence rate of oncocytoma in Asia (7), which is indistinguishable from RCC using the present imaging modalities (24) . The reported incidence rates of oncocytoma in small renal masses were 5.7-10.7% in Western countries (5,6,19-22) but 1.3-2.8% in Asian countries (7, 8, 23) , consistent with the results of the present study (1.5%). Although further studies in various countries are required, these observations suggest that there may be ethnic differences in the oncocytoma incidence rate.
In the present series, the incidence rate of benign pathological lesions for presumed clinical T1a RCC was 6.63%, which was lower than that in previous studies, even considering the low incidence of oncocytoma. The lower incidence of benign pathological findings in the present series may have been due to the high rate (77.6%) of pre-operative MR imaging. In previous studies regarding the incidence rate of benign lesions in presumed clinical T1a RCC, the rates of pre-operative MR imaging were low (32%) (7) or not described (5, 6) . MR imaging has advantages with regard to detecting small amounts of fat in small renal masses (10) (11) (12) (13) , which may aid in distinguishing AMLs from RCCs.
With regard to the correlation between the clinical characteristics of the patients and pathological features in surgically 
B C D
A F E resected specimens from cases with small renal masses, tumor size appears to be the strongest predictor of malignant pathological features. Previous studies indicated that 12.4-30.0% of tumors smaller than 2 cm were benign compared with 4.8-20.9% of those larger than 2 cm in cases with small renal masses presumed to be T1a RCC (5, 6, (19) (20) (21) (22) (23) . Furthermore, the incidence of benign pathological lesions in the renal tumors of ≤20 mm in diameter was significantly higher (12.7%) than in tumors >20 mm (3.9%) in the present series.
The incidence of small benign pathological lesions may depend on the accuracy of pre-operative screening by the radiological approach. A recent study suggested that the accuracy of radiological examination for nodules <2 cm in diameter must be improved due to the low incidence of benign lesions in resected suspicious renal masses with diameters >2 cm (8) . Although there have been no studies regarding the accuracy of pre-operative radiological screening for small renal masses, in the present series, the diagnostic accuracy of pre-operative CT and MR imaging of the renal masses ≤20 mm in diameter were significantly lower than those of the masses >20 mm in diameter. Moreover, benign pathological lesions of ≤20 mm in diameter could not be distinguished from RCC in retrospective CT and MR imaging analysis. There may be a limitation of imaging modalities for the pre-operative diagnosis of several small renal masses with diameters of ≤20 mm, such as AML without identifiable macroscopic fat on pre-operative imaging (25) and category III renal cysts with the enhancement characteristics of septa on contrast-enhanced CT and MR imaging (12, 18) .
Analysis of false-negative cases, i.e., pathological T1a RCC clinically diagnosed as benign lesions by pre-operative CT and MR imaging, could not be performed in the present study. This was one of the limitations of this study, and there may have been cases of small RCC missed or followed up as benign disease without pathological diagnosis. There have been few reports regarding such cases, and further challenging issues must be resolved by the development of improved methodologies for percutaneous renal biopsy and molecular pathological analyses (26) (27) (28) .
In conclusion, in the present study pre-operative CT and MR findings demonstrated high diagnostic accuracy for renal masses >20 mm in diameter, however, pre-operative imaging for small renal masses, particularly those of ≤20 mm in diameter, was limited. Therefore, these findings may be useful for the preoperative diagnosis of RCC in clinical practice.
